Background: Differentiating between appropriate and inappropriate resource use represents a critical challenge in health services research. The New York University Emergency Department (NYU ED) visit severity algorithm attempts to classify visits to the ED based on diagnosis, but it has not been formally validated. Objective: To assess the validity of the NYU algorithm. Research Design: A longitudinal study in a single integrated delivery system from January 1999 to December 2001. Subjects: A total of 2,257,445 commercial and 261,091 Medicare members of an integrated delivery system. Measures: ED visits were classified as emergent, nonemergent, or intermediate severity, using the NYU ED algorithm. We examined the relationship between visit-severity and the probability of future hospitalizations and death using a logistic model with a general estimating equation approach. Results: Among commercially insured subjects, ED visits categorized as emergent were significantly more likely to result in a hospitalization within 1-day (odds ratio ϭ 3.37, 95% CI: 3.31-3.44) or death within 30-days (odds ratio ϭ 2.81, 95% CI: 2.62-3.00) than visits categorized as nonemergent. We found similar results in Medicare patients and in sensitivity analyses using different probability thresholds. ED overuse for nonemergent conditions was not related to socio-economic status or insurance type.
mergency Departments (EDs) in the United States are under considerable strain from high visit volumes, including many visits for nonemergent conditions. Often, visit demand exceeds capacity within individual EDs resulting in ambulance diversions. [1] [2] [3] [4] [5] Patients with nonemergent concerns are estimated to compromise as much as 20% to 40% of US ED visits. 6 -7 The reasons patients choose the ED for nonemergent conditions are varied and include convenience, patient perception of disease severity, the immediate availability of diagnostic imaging and specialty care, phone referral by an advice line or a primary care provider (PCP), and limited access to PCPs. 8 -15 In response, there have been many attempted interventions such as making PCP appointments more readily available, raising ED visit copayments, and ED triage to alternative sites such as urgent care clinics, but a validated measure does not exist to quantify their effects on visits for emergent and nonemergent conditions. 16 -19 Given the high cost of ED care relative to other settings and increased overcrowding, identifying methods to reliably differentiate between emergent and nonemergent conditions, ie, appropriate and inappropriate conditions for treatment in the ED, represents a critical first step in improving the delivery of care. To address this, we set out to validate an algorithm developed by researchers at New York University (NYU) to assess the level of severity associated with ED visit diagnoses; this NYU algorithm provides the probability that each ED visit ICD-9 diagnosis code falls into 1 of 4 severity categories. 20 -22 The NYU algorithm was developed with the help of a panel of emergency physicians and was based on information obtained from comprehensive chart reviews (including patient complaint and clinical data, ED resource use, and final diagnosis) of nearly 6000 patients treated in Bronx, NY hospitals in 1994 and 1999. Because the NYU algorithm uses standardized diagnosis and payment codes, it is nonproprietary and easily accessible/downloadable (SAS/SPSS/ACCESS) from NYU's Center for Health and Public Service Research's Website. 22 The NYU algorithm has the potential to be a powerful tool for health services researchers interested in studying the quality of ED care and approaches to improving health care efficiency. For example, the NYU algorithm has been adapted for use by the Centers for Disease Control and Prevention (CDC) to describe the characteristics of high safety-net burden EDs and has been used by several states and municipalities to track ED visit patterns. 6 -7,23-24 But to date, the NYU algorithm has not been formally validated.
In this study, we describe the predictive validity of an approach for classifying ED visit severity using the NYU algorithm. Specifically, we categorize all ED visits occurring in a large, prepaid integrated delivery system (IDS), and examine the association between the severity of the ED diagnosis and the probability of future hospitalizations or death.
METHODS

Setting and Study Population
All subjects were members of a prepaid IDS, Kaiser Permanente-Northern California (KPNC). The study population included all active health system members as of January 1999, (2, 782, 154) excluding members who regularly received part of their care outside the IDS (5.5%) and members age Ͻ1 year (1.2%). Because this validity study was part of a larger study to examine the effects of ED cost-sharing on ED visits, we separated the analysis of Medicare and commercial members and excluded members with Medicaid (1.9%) because they did not have copayments, IDS employees (0.9%) because they could self-select their copayment level, and subjects who changed insurance-type (eg, commercial to Medicare) during the study period (1.7%).
Study Design and Rationale
We examined, at the individual patient level, the association between the severity of the ED visit diagnosis, using the probability that each ICD-9 visit diagnosis was associated with each of 4 categories in the NYU algorithm, and subsequent hospitalizations or deaths. We tested the hypothesis that if visits classified as high severity were in fact true emergencies, they would be followed by relatively higher proportions with near term hospitalization and mortality, and that if visits classified as low severity were true nonemergencies, there would be relatively lower proportions with subsequent hospitalizations or death. The Kaiser Foundation Research Institute Institutional Review Board approved the study.
Classification of ED Visit Diagnoses
We collected data on ED visits, hospitalizations, and deaths from the IDS's automated clinical databases for the 36-month study period (1/1999 -12/2001) , and determined the severity of the ED visit condition using the NYU algorithm. 20 -22 The NYU algorithm assigns the probability that each ICD-9 diagnosis code associated with an ED visit falls into one of 4 categories: (1) a nonemergency (NE); (2) an emergency (defined as a problem requiring contact with the medical system within 12 hours) treatable in an office visit (primary care treatable ͓PCT͔); (3) an emergency not treatable in an office visit but preventable or avoidable (EPA); and (4) an emergency that is not preventable or avoidable (ENPA) (Fig. 1) . The algorithm excludes uncommon diagnoses and treats mental health (2.1% of all ED visits) and substance abuse (0.9%) diagnoses separately.
We then used the probabilities derived from ICD-9 diagnosis codes to classify each ED visit as emergent or nonemergent (Fig. 2) . Specifically, we:
1. Calculated the severity category probabilities for all diagnoses associated with each ED visit using the NYU algorithm. 2. Combined the 4 severity category probabilities into 2 levels, ie, emergent and nonemergent for each diagnosis, using the dominant probability. 3. Classified each visit as emergent or nonemergent using the classification of the most emergent diagnosis.
For example, if a visit diagnosis had a 10% probability of being a nonemergency (NE, severity category 1), a 39% probability of being a PCT emergency (PCT, severity category 2), a 40% probability of being an emergency not treatable in an office visit but preventable or avoidable (EPA, severity category 3), and a 11% probability of being an emergency not preventable or avoidable (ENPA, severity category 4), we would combine the probabilities of the first 2 severity categories (10% ϩ 39% ϭ 49%) to yield a 49% probability of being nonemergent, and combine the probabilities of the last 2 severity categories (40% ϩ 11% ϭ 51%) to yield a 51% probability of being emergent. This visit diagnosis would then be then classified as emergent because it exceeded our 50% threshold (Fig. 2) . When there was a 50% probability of being both emergent and nonemergent, we classified the visit as "intermediate."
In sensitivity analyses, we examined probability thresholds of 75% and 90% for classifying ED visits, and for dichotomizing the NYU algorithm's 4 severity categories. With these sensitivity analyses, in which visits were classified as intermediate if neither emergent or nonemergent sums were greater than the chosen threshold (75% or 90%), we sought: (1) an additional check for our results (we would expect more intermediate classifications with the 90% threshold and a very strong association between visits with a 90% probability of being emergent and subsequent unfavorable clinical events) and (2) to provide future researchers with several validated thresholds for application of the NYU algorithm. Specifically, we anticipate that some studies will need to classify all visits, whereas others will aim to identify visits with a high probability of being either nonemergent or emergent and have less emphasis on classifying all visits.
Outcome Measures; Hospitalizations and Deaths
Within our study population, we identified hospitalizations and deaths occurring both in and outside the IDS. We focused on hospitalizations occurring on the same day of the ED visit as well as within 1 and 7 days, and deaths within 30-days of the ED visit. For in-system outcomes, we used internal clinical databases and for out-of-system hospitalizations we used our referral and claims databases. For out-of-system deaths, we searched the California State death certificate databases. These databases have been very accurate in previous studies, eg, 100% for the occurrence of a hospitalization. 25, 26 During the study, 13% of ED visits and 7% of hospitalizations occurred outside the IDS; similarly, 14% of deaths were outside the IDS, ie, deaths identified only in state death certificates.
Covariates
Socio-demographic information on age, gender, and neighborhood socio-economic status (SES) was obtained. The neighborhood SES measure includes information on both mean annual household income and level of educational attainment at the census-block level, and uses information from the 2000 US Census and from home addresses (geocoding). 27 Clinical covariates were utilization levels in the prior calendar year for the ED, office visits, and hospitalizations, and comorbidity levels using the diagnostic cost group (DxCG) score. 28 The DxCG approach is based on both inpatient and outpatient diagnoses; Medicare currently uses this approach for risk adjustment. Health system covariates were ED and drug cost-sharing levels, having a regular PCP, and medical center of the ED visit. We also adjusted for the year and month of the ED visit by including 2-indicator variables for the 3-year study period and 11-indicator variables for the 12-months in each year.
Statistical Analysis
To examine the association between our classification of the severity of an ED visit and the probability of a subsequent hospitalization within 1 day or death within 30-days, we used generalized estimating equation methods to estimate model parameters. Since subjects may have had multiple visits during the 3-year study period, we used a logistic model within a generalized estimating equation (xtlogit, pa in Stata 8.2) to examine the probability of a hospitalization or death, while explicitly modeling the within-subject correlation. The models included indicators for 2 of the 3 ED visit categories (coded 0/1) along with the covariates listed above. We included medical 
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center as a fixed effect, but did not examine models with additional practice-based design effects. We repeated these analyses using the high severity probability (EPA, ENPA) as a continuous variable. In sensitivity analyses, we examined associations with hospitalizations on the same day and within 7-days of the ED visit as seen in Table 3 . Table 1 displays the baseline subject characteristics and unadjusted annual ED visit rates. Figure 1 displays the distribution of 1,085,084 ED visits (94.3% of all ED visits) classified by the algorithm and Table 2 shows the most frequent ICD-9 codes in each category using the 50% probability threshold. Among commercially insured subjects (data not shown in figures/tables), 52.3% of ED visits were nonemergent; 36.2% were emergent; and 11.5% were intermediate-meaning that there was a 50% probability of being both nonemergent and emergent. Among Medicare subjects, 34.8% of ED visits were nonemergent; 51.6% were emergent; and 13.6% were intermediate.
RESULTS
Severity of ED Visit Diagnoses
Using the 75% probability threshold, the NYU algorithm categorized 48% of ED visits (51% of visits for commercially insured subjects and 47% of visits for Medicare insured subjects), with the remaining 52% of visits falling into the intermediate category. At the 90% threshold, the algorithm categorized 27% of ED visits (31% of visits for commercially insured subjects and 26% of Medicare insured subjects), with the remaining 73% of all ED visits falling into an intermediate category.
Among subjects with an ED visit, factors associated with having a nonemergent visit, ie, NE or PCT emergencies, included female gender (among commercially insured subjects, odds ratio ͓OR͔ ϭ 0.70, 95% CI: 0.69 -0.71; among Medicare subjects, OR ϭ 0.82, 95% CI: 0.81-0.83) and low neighborhood SES (among commercially insured subjects only, OR ϭ 1.12, 95% CI: 1.11-1.14). Table 3 displays the association between ED visit severity and subsequent hospitalization(s) or death. Among commercially insured subjects and using the 50% probability threshold, ED visits categorized as emergent, ie, emergencies not preventable/avoidable (ENPA) and emergencies that are preventable/avoidable (EPA), were significantly more likely to result in a hospitalization on the day of ED visit (OR ϭ 3.37 for hospitalizations within 1 day, 95% CI: 3.31-3.44) or death within 30-days (OR ϭ 2.81, 95% CI: 2.62-3.00) than visits categorized as nonemergent, ie, NE and PCT. Visits classified as intermediate also were significantly more likely than nonemergent visits, (but less likely than emergency visits), to result in a hospitalization within 1-day or death within 30-days, which is consistent with their definition as being equally likely of being nonemergent and emergent.
Association Between ED Visit Severity and Subsequent Hospitalizations or Death
Similarly, among Medicare subjects, ED visits categorized as emergent, ie, ENPA and EPA, were significantly more likely to result in a hospitalization within 1-day (OR ϭ 3.50, 95% CI: 3.43-3.58) or death within 30-days (OR ϭ 2.23, 95% CI: 2.14 -2.33) than visits categorized as nonemergent, ie, NE and PCT.
In sensitivity analyses using all 4 NYU ED algorithm severity categories, the odds of death within 30-days (OR ϭ 0.87, 95% CI: 0.76 -0.99) for commercial visits classified as PCT was not significantly greater than the odds for NE visits, however the odds of a hospitalization within one-day were greater (OR ϭ 1.87, 95% CI: 1.79 -1.95). Among Medicare subjects, visits categorized as PCT also were slightly more likely than NE visits to result in a hospitalization within one-day (OR ϭ 1.25, 95% CI: 1.19 -1.31), but the odds of death within 30-days was not significantly different between the 2 categories (OR ϭ 1.07, 95% CI: 0.98 -1.17). In sensitivity analyses using 75% and 90% probability thresholds, we found similar results in both study populations.
Analyses using probability of visit severity as a continuous variable (the sum of the preventable and nonpreventable emergency categories) also yielded comparable results. Among both commercially and Medicare insured subjects, the odds of a hospitalization within 1-day or death within 30-days heightened with a 10% increase in the high severity probability (OR ϭ 1.24, 95% CI: 1.23-1.24 and OR ϭ 1.22, 95% CI: 1.21-1.23, respectively, among commercially insured subjects and OR ϭ 1.199, 95% CI: 1.196 -1.203 and OR ϭ 1.16, 95% CI: 1.15-1.69, respectively, among Medicare insured subjects). 
DISCUSSION
This study demonstrates that use of the NYU algorithm leads to a classification of individual ED visits that is associated with subsequent hospitalization and death.
To our knowledge, this is the first study to provide validation evidence for any ED classification algorithm with hospitalization and mortality outcome data. Moreover, this was done with a patient population in a different geographical and health care setting from that in which the algorithm was constructed. This result lends support to the use of the algorithm for studying the mix of severity in a group of ED visits. The algorithm could potentially be useful in an experimental or quasiexperimental study in which the each unit of study is a single ED or a group of EDs and the goal is to evaluate the use of different approach to decrease the use of the ED care for nonemergent conditions that could be better handled in other ways. Because it uses existing clinical data rather than timeintensive chart review, the NYU algorithm can be easily applied in different times and settings at relatively low cost. Researchers have the option to classify visits into 2 or 4 categories, or to use a continuous probability approach, depending on their aims and the characteristics of the population they are studying. For example, researchers who seek to maximize the number of classified ED visits can use the 50% threshold, while those searching for greater specificity (greater confidence in the severity of the diagnosis) can opt for the 75% or 90% threshold. Studies that are interested primarily in 1 severity category may choose a categorical analytic approach while those examining a skewed patient population (eg, urban trauma center) may opt for a continuous approach.
This ED classification approach can serve to identify the percentage of a group of ED visits likely to be appropriate or inappropriate for the ED setting given the availability of other less resource intensive alternative settings, either within a health system or a municipality. Importantly, evaluations of ED care appropriateness need to consider not only the severity of a patient's condition, but also access to alternative sources of care, including primary care; in situations when such alternatives are not readily available the ED care could represent the only source of medical care. Thus, uses of this tool include evaluations of the progress of primary care programs, public education measures, and other initiatives designed to address emergency department overcrowding and to encourage primary care, preventive care, and management of nonemergent medical conditions. In addition to our findings about validity, our results support the contention that ED overuse for nonurgent conditions is a problem across socioeconomic status and insurance type, rather than one confined to the uninsured population.
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LIMITATIONS
The approach described in this manuscript using diagnoses to classify individual visits has inherent limitations. Each diagnosis code includes conditions with varying severity, and diagnoses made in the ED could have a high level of clinical uncertainty, eg, not all patients with chest pain in the ED have an acute coronary syndrome. Some of the visits classified as low severity will be for true emergencies, and could be associated with subsequent worsening of health; conversely, some of the visits that are classified as high severity will be for marginal or self-limiting cases. Consistent with the view of the developers, the NYU algorithm visit classifier would not seem appropriate for clinical decision making at the individual level. Nevertheless, we found a strong association between visits classified as high and low severity and subsequent need for hospitalization or death. Other possible limitations include the fact that we did not study morbidities other than hospitalization or resource utilization. Some ED visits, such as those for lacerations with the potential for permanent disfigurement, are "appropriate" despite not having high mortality or hospitalization rates. While our IDS is made up of a heterogeneous population that closely approximates the socioeconomic demographics of the service area, further study will be needed to extend the validity of our results to other populations. For example, we did not study the small Medicaid subset of our patient population, and these patients generally are of a lower socioeconomic status and may have fewer health care options available to them. Finally, our validation study population had ED visits between 1999 and 2001. Various changes in the delivery system since then, (eg, physician coding patterns, increased ED copayments, and patient access to secure email with PCPs), may have altered the severity make-up of ED visits.
Because diagnosis codes and physician coding patterns are likely to change over time, our study's results will likely need to be replicated in the future to confirm the continued validity of this association. Given its reliance on probability sums, the NYU algorithm, as its Website acknowledges, is not appropriate as a means of determining levels of visit reimbursement. 22 Previous studies have demonstrated that ED triage tools for referring away nonemergent patients have not achieved adequate interrater reliability or safety scores. 29 -32 The NYU algorithm, while not appropriate for use as a triage tool, partly because it is based on end-of-visit diagnosis codes, may assist in the modification of existing tools or in the development of new ones. This is one of many areas of potential practical application of the algorithm.
CONCLUSION
This study provides validation evidence for an approach to classifying ED visit severity. We found that the NYU algorithm-based classification approach was able to differentiate between individual ED visits that were and were not likely to result in a hospitalization or death. Our findings affirm the usefulness of the algorithm in studies requiring methods to classify the appropriateness of a group of visits to the emergency department, compared with less intensive venues. In particular, this classification algorithm will be a useful tool in studying emergency room visit patterns and can contribute to evidence-based programs and policies that reduce use of the ED for nonemergencies.
